In order to investigate the origin of internal stress in a solution-hardened alloydeformed at high temperatures, the internal stress and dislocation density have been simultaneouslydetermined by a stress change test during creep deformation of Al-5.7 at%Mg alloy in a temperature range 573-673 K and a stress range 4.5-40 MPa.
Al-Mg alloys solution-hardened are wellknown for their typical high-temperature deformation behavior:
(1) They show a worksoftening phenomenon which is called hightemperature yield point phenomenon(1) or inverse transient creep (2) . (2) The stress exponent in the power-law creep region is about 3 in the intermediate stress range(3)(4), which is smaller than the exponent of pure metals and dispersion-hardened materials. ( 3) The dislocation distribution during deformation is very homogeneous compared with that in pure metals, and cell structures are scarecely formed (2) . (4) Multiple slip occurs even in single crystals oriented favorable to single slip (5) . (5) No instantaneous plastic strain occurs when the applied stress is suddenly increased during creep deformation(6)(7). These phenomena have been explained by the large solute-atmosphere drag stress for dislocation motion(2)(5)- (12) , and the experimental drag stress has been shown by Oikawa et al.(9) °10) to agree with the theoretical one with a factor of about 2. However, not only the drag stress but also the athermal internal stress that arises from long range interaction between dislocations contributes to the flow stress, and this contribution is as large as that of the drag stress (13) . Therefore, the knowledge about the internal stress is also indispensable to understand the flow stress.
In fcc and bcc pure metals, the effective stress for the thermally activated glide of dislocations is too low to be measured and the flow stress is practically equal to the athermal internal stress (14) . Therefore, the increase of internal stress due to deformation and its decrease due to dynamic recovery or recrystallization can be directly measured from the change in flow stress. In such a case of negligible effective stress, the dislocation motion is very fast, and the moving path in the crystal will not depend on temperature as far as the dislocation structure is the same. Accordingly, the increasing rate, h, of internal stress due to deformation (the work hardening rate without recovery effect) also will not depend on temperature. However, the experimental value of h during steady-state creep has been reported to decrease with rising temperature even when the flow stress (=internal stress) is the same(15)- (17) . The temperature dependence suggests that the dislocation structure depends on temperature even when the internal stress during steady-state creep is the same. In other words, the internal stress depends on both of dislocation density and its arrangement, and the dislocation structure can hardly be estimated from the internal stress.
While the dislocations in pure metals form cells or sub-boundaries, those in highly solution-hardened Al-Mg alloys are distributed much more homogeneously. In the latter case, where the dislocation arrangement is the same, the internal stress will be determined only by the dislocation density. If such a simple relation holds between the internal stress and the dislocation density, it is expected that the analysis of high-temperature deformation becomes much easier than that for pure metals. In this paper, it will be shown that the simple relation holds in an Al-5.7 at%Mg alloy.
Up to this time, two techniques have been proposed for measuring the internal stress during deformation-stress dip-extrapolation method (13) and stress relaxation method (11) .
However, the stress dip method requires many dip tests to obtain the internal stress in a deformation state, and the stress relaxation method is not very safe for the change in dislocation structure during relaxation. Therefore, a stress change method is adopted in the present work and described below. 
In addition, the dislocation density at that moment may also be obtained by (10) In other words, the internal stress and dislocation density during deformation may be simultaneously determined by only one stress change test.
shown in Fig. 1 Figure  2 shows an example of the instanpositive or negative, and the slope agrees well with the apparent Young's modulus K (solid line in the figure) which contains the elastic deformation of testing machine. The value of K was obtained by using the following equation,
where E is the true Young's modulus, and we used the value measured by Abe et al. (21) . S is the cross section of the specimen gauge part, l its length and km a spring constant of the machine.
From the above results, it is considered that the dislocation structure did not change for the given stress changes, because no plastic strain was included in the instantaneous strain. 
Stress dependence of dislocation density
The dislocation density was estimated by inestimation, the values of A shown in Table 2 were used. They were calculated by using the dislocation density is about 1, though the data scattering is fairly large. For the same creep stress, the dislocation density is clearly higher at a lower temperature. Horiuchi et al. (2) and Oikawa et al. (24) have also measured the dislocation density in AlMg alloys deformed into the steady-state creep range, using the TEM technique. According to Horiuchi et al., the density is not different between 3.0 at%Mg and 6.9 at%Mg alloys for the creep test at 632 K, and proportional to the the crept alloy at 573 K. However, as shown in Fig. 6 (24) . As a result, the creep-stress exponent, which is given by n=np+ne, becomes about 3, as they obtained.
The relation between dislocation density and internal stress
As described in the preceding section, the dislocation density measured in the present work is very different from those of TEM Fig. 9 . The relation is independent of temperature and expressed as which is shown in Fig. 9 Fig.  10 ), the strain rate after the stress dip momentarily becomes negative. The solid squares are the datum points of negative strain rate. The solid straight line indicates the relation beFrom Fig. 10 , it is seen that the datum points lie well on the solid straight line, as far as the strain rate is positive. In other words, the relation of eq. (12) On the other hand, when the strain rate becomes negative, the decreasing rate of internal stress is seen in Fig. 10 very high compared with that of dislocation density. Even in the present alloy in which the viscous resistance to dislocation motion is high, the dislocation velocity will decrease at places of high internal stress and the existing probability of dislocations will be higher there. When the stress reduction exceeds the effective stress, the dislocations at places of higher back internal stress will move back more rapidly to places of lower internal stress. Accordingly, even when the dislocation density did not decrease significantly, the internal stress on the dislocation may have decreased rapidly. For the TEM observation, it is considerable that some errors arise from change in dislocation density, and this change may occur during the process from creep deformation to TEM observation, and the errors arise also from the existence of off-contrast dislocations which may depend on diffraction conditions. On the other hand, for such an indirect measuring technique as stress-change test, some approximation is included in the estimation of B in eq. (3). Therefore, it is not easy to decide which result is more reliable. However, the probable error in the TEM technique will make an underestimation of dislocation density. In fact, as described above, the measured density was about 1/30 of that of the present work. If one uses the approximate equation for B derived by Hirth and Lothe, the disagreement becomes even larger (about twice) (18) . In addi- gives an underestimation of dislocation density and the coefficient in B is also an underestimation.
As described above, from the present stress change test, it has been known that the soluteatmosphere drag stress of dislocations and the internal stress can be estimated with a reasonably high accuracy from eqs. (4) and (12) respectively. Thus, for the alloys such as Al-Mg with a high solute-atmosphere dragstress of dislocations, the strain rate under a given applied stress in the range of power law creep or the flow stress at a given strain rate can be predicted with a reasonably high accuracy, whether the deformation is in a steadystate or not, provided that the dislocation density is known. The problem which has remained unsettled is to predict the dislocation density in an alloy with a given deformation history. It is thought that the future study should be concentrated to settle the problem.
In order to investigate the origin of internal stress in a solution-hardened alloy deformed at high temperatures, the internal stress and dislocation density were simultaneously measured by a stress change test during creep deformation of Al-5.7 at%Mg alloy in the power-law creep region. The results are as follows:
(1) The instantaneous strain accompanying the stress change is exclusively elastic and does not contain any plastic component, which agrees with the result obtained by Oikawa et al. (6) On the other hand, the relation between the dislocation density and internal stress does not depend on temperature and approximately agrees with the theoretical relation based on the long range interaction between glide and forest dislocations.
(5) From the discussion about the disagreement of the present work with the TEM observation, it is suggested that the TEM observation may give an underestimation of dislocation density.
(6) The relation between dislocation density and internal stress during nonsteady-state creep after the stress change agrees with the relation during steady-state creep, as far as the strain rate is positive, which shows that the relation does not depend on whether the creep is in a steady state or not.
(7) When the stress reduction is large and the strain rate becomes momentarily negative after the reduction, the above relation does not hold, the decreasing rate of internal stress being much larger than that of dislocation density. The reason is explained by the fact that the dislocations at places of high internal stress move back to places of lower internal stress.
(8) If the dislocation density is known, the relation between applied stress and strain rate can easily be predicted.
